A high-performance liquid chromatographic method was applied to the determination of gamabufotalin, telocinobufagin, bufotalin, cinobufotalin, bufalin, cinobufagin and resibufogenin in three traditional Chinese medicinal preparations containing ChanSu. The compounds were separated on a YMC-C 18 column (250 × 4.6 mm, 5 um) with a gradient of acetonitrile and 0.3% aqueous acetic acid (v /v) at a flow rate of 0.8 mL min -1 and detected at 296 nm. Complete separation was obtained within 35 min for the seven bufadienolides. The calibration curves showed good linearity (r 2 > 0.999) within the test range. The recovery was 95.5% -105.9%. The assay could simultaneously determine seven major bufadienolides of the three Chinese medicinal preparations of ChanSu in 35 min. The results obtained suggested that the developed HPLC assay could be comprehensively utilized for the quality control of the three traditional Chinese medicinal preparations of ChanSu used in the clinic.
ChanSu, an important traditional Chinese medicine (TCM), also called toad venom or toad poison, is prepared from the skin secretions of giant toads, including Bufo bufo gargarizans Cantor and B. melsanostictus Schneider. It is one of the major components of many well-known TCM drugs like Liu-Shen pills (LSP), Niu-Huang-Xiao-Yan tablets (NHXYT) and Ya-Tong-Yi pills (YTYP) [1] . It is frequently used in clinics to treat heart failure, pains and various cancers. Bufadienolides are the major effective constituents of ChanSu [2] [3] [4] [5] [6] . They are steroids with a characteristic α-pyrone ring at C-17, which show significant cardiotonic, blood-pressurestimulating, anesthetic and anticancer activities [7] [8] [9] [10] [11] . However, bufadienolides can adversely affect the myocardium, with a narrow therapeutic index, and life-threatening toxicity including arrhythmias, ventricular ectropy and hyperkalemias [12] [13] [14] . Therefore, quantification of the bufadienolides could be of great importance for the quality evaluation of preparations containing ChanSu to ensure their clinical efficacy and safety. Recently, methods for controlling the quality of the crude drug (ChanSu) were reported involving TLC and HPLC quantitative analysis of bufadienolides [15, 16] . However, quality control methods for common TCM preparations containing ChanSu with simultaneous quantification of the bioactive multi-components have not been reported previously. In this paper, we report the simultaneous quantification of the seven major bufadienolides (Figure 1 ) in the common Chinese drugs LSP, YTYP and NHXYT by HPLC-DAD. The results suggest that this assay for the seven major bufadienolides could be applied to evaluate the quality of three TCM preparations containing ChanSu.
Optimization of extraction procedure and chromatographic conditions: Good chromatographic conditions should ensure that each analyzed peak has baseline separation and a short analysis time. In order to obtain such good chromatograms, the fixed and mobile phases, column temperature, detection wavelength and flow rate were respectively investigated. For bufadienolides, a YMC-Pack ODS-C 18 column was better than BDS-Hypersil C 18 and Zorbax Extend C 18 columns. Different mobile phase compositions were also evaluated: formic acid, acetic acid and phosphoric acid were added to the mobile phase to enhance resolution and eliminate peak tailing. As a result, acetonitrile and water containing 0.3% acetic acid was chosen as the eluting solvent system and gradient elution was applied with the desired separation. It was also determined that separation was better when the column temperature was controlled at 30°C rather than at either 20°C or 40°C. The most suitable flow rate was 0.8 mL min -1 . According to the UV absorption maxima of bufadienolides, the chromatograms were recorded at 296 nm. According to the literature [17] , bufadienolides are usually readily soluble in methanol. Both the concentration of methanol solution and the extraction time were tested. Extraction with methanol for 40 min was used for quantitative analysis because bufadienolides were efficiently extracted and also well resolved from background peaks.
Calibration curves and the limit of detection:
The external standard method was applied to obtain the regression equations. The calculated results are given in Table 1 . In the regression equation y = ax+b, where x is the concentration of the standard compound (µg mL −1 ), y the peak area, a the intercept of the straight line with the y axis and b the slope of the line. The r refers to the correlation coefficient of the regression equation. All the standard compounds showed good linearity (r 2 > 0.999) over a relatively wide concentration range. LOD was in the range of 0.08 -0.42 µg mL −1 (Table 1) .
System suitability test:
The results indicated that the RSD of intra-day variability was in the range of 0.04 -1.10 % ( Table 2 ). The inter-day precision was calculated for 3 independent days and the results showed that the RSD of inter-day variability was in the range 0.27 -1.60 %. The recoveries of the seven bufadienolides were in the range 95.5% and 105.9% (Table 3) .
The samples were prepared as described in the Experimental section. Peaks in the chromatograms were identified by comparing the retention times and on-line UV spectra with those of standards. Retention times for compounds 1, 2, 3, 4, 5, 6 and 7 were 6.91, 16.47, 18.10, 20.21, 24.02, 29.20 and 29.78 min, respectively. The various constituents in samples of three TCM preparations without ChanSu, as the blanks, were also determined. These studies suggested that the peaks at 296 nm in the blanks of these TCM preparations were distinguishable from those of ChanSu samples (Figure 2 ).
The content of each component was calculated from the corresponding calibration curve. The established method has been applied to determine seven major bufadienolides in three TCMPs of ChanSu. The results are shown in Table 4 . In the Pharmacopoeia of the Peoples ' Republic of China (2005 Edition), cinobufagin (6) and resibufogenin (7) should be present in not less than 19.5 mg/g (YTYP), 0.1 mg/g (NHXYT), 6.5 mg/g (LSP) and 60 mg/g (ChanSu), respectively. All samples of TCMP and ChanSu (except for No. 18 and 20) did not meet this specific standard of the Chinese pharmacopoeia. However, there was significant variability in the contents of bufadienolides, which might be due to factors such as seasonal and environmental differences, the drying process and storage conditions. ChanSu, e content = mean ± SD (n = 3), f not detected.
Considering the bioactivities and toxicities of bufadienolides, it could be recommended that not only cinobufagin (6) and resibufogenin (7), but also bufalin (5), gamabufotalin (1), telocinobufagin (2), bufotalin (3) and cinobufotalin (4) should be determined simultaneously to control the quality of TCMPs containing ChanSu and crude drugs in the clinic.
Conclusions: This paper describes a simple, rapid and accurate assay for the simultaneous determination of seven major bufadienolides in YTYP, NHXYT and LSP. The results indicate that this HPLC method could be considered as a quality criterion to control the quality of three TCMPs containing ChanSu and crude drugs to assure their clinical efficacy and safety.
Experimental
Chemicals and materials: HPLC grade acetonitrile and methanol (E. Merck, Darmstadt, Germany) were used for the HPLC analysis. Deionized water was purified by Milli-Q system (Millipore, Bedford, MA, USA). Acetic acid was analytical grade from Beijing Beihua Fine Chemicals Co., Ltd. (Beijing, China). Gamabufotalin, telocinobufagin, bufotalin, cinobufotalin, bufalin, cinobufagin and resibufogenin were isolated from ChanSu by the authors. Their structures were identified by 1 H and 13 C NMR spectroscopic and MS analysis; their purity was over 98% by HPLC analysis. All the samples were purchased from various drugstores around China. The ChanSu used to separate the standard compounds was obtained from Shandong province of China.
Chromatographic conditions: An Agilent 1100 HPLC system was used (Agilent Technologies, Palo Alto, CA, USA) comprised of a quaternary solvent delivery system, an on-line degasser, an autosampler, a column temperature controller and diode array detector coupled with an analytical workstation. The column configuration was a YMC-C 18 reversephase column (5 µm, 250 × 4.6 mm) coupled with a YMC-C 18 guard column (5 µm, 10 × 4.6 mm). The sample injection volume was 10 µL. The detection wavelength was 296 nm, the flow rate 0.8 mL min -1 and the column temperature was maintained at 30°C. Elution was with a mixture of solvent A (0.3% Table 5 : The TCMPs comprising ChanSu analyzed in the present study.
Name of medicine

Dosage form
Composition Function
Niuhuang Xiaoyan tablets (NHXYT)
Tablet
Veneum Bufonis (3.9 g), Calculus Bovis (4.9 g), Concha Margaritifera (9.6 g), Indigo Naturalis (3.8 g), Radix Trichosanthis (9.6 g), Radix Et Rhizomarhei (9.6 g), Realgar (9.6 g) 
Preparation of standard solutions:
A methanol stock solution containing gamabufotalin (1), telocinobufagin (2), bufotalin (3), cinobufotalin (4), bufalin (5), cinobufagin (6) and resibufogenin (7) was prepared and diluted to an appropriate concentration range for establishing calibration curves. Each calibration curve was analyzed four times with six different concentrations.
Preparation of sample solutions:
The constituents of the three investigated TCMPs are listed in Table 5 . Each of the TCMPs was finely ground and a weighed sample (LSP 0.08 g, YTYP 0.02 g, and NHXYT 0.15 g; and a ChanSu sample 0.02 g) was suspended in methanol (5 mL) and extracted in a regurgitant bath for 40 min. The extraction solutions were prepared by the method of weight relief. For determination of bufadienolides, the solution was filtered through a membrane (0.45 µm pore size) and then injected into the HPLC instrument.
Precision and accuracy:
The repeatability of the method was evaluated by measuring intra-and inter-day variability. The relative standard deviation (RSD) was taken as a measure of precision. The intra-day variability was examined during one day, six times. The inter-day variability was determined on three independent days. In recovery tests, the method was applied to spiked ChanSu samples.
LOD and LOQ:
The standard stock solution was diluted with methanol to obtain a series of appropriate concentrations. The limit of detection and quantification were determined by measuring the ratio of signal to noise (S/N) for each compound. LOD was given as the S/N ratio at 3, and LOQ was given as the S/N ratio at 10.
